INTRODUCTION
Immune checkpoint inhibitors (ICIs) that block the programmed death 1 axis (programmed death-ligand 1 [PD-L1] and programmed cell death protein 1 ) are important treatment options in numerous tumor types. 1 Common treatment-related adverse events (TRAEs) with anti-PD-L1/PD-1 agents include low-grade fatigue, pruritus, and rash. 2, 3 In addition, potentially serious immune-related AEs (irAEs), such as high-grade pneumonitis or autoimmune-like side effects, occur in a minority of patients. 2, 3 To the best of our knowledge, the mechanisms underlying toxicities related to ICIs are not fully understood, and agents targeting PD-L1 or PD-1 may have differing safety profiles. 2 Avelumab, a human anti-PD-L1 immunoglobulin (Ig) G1 antibody that specifically inhibits PD-L1/PD-1 interactions, 4 is approved in the United States and European Union for the treatment of metastatic Merkel cell carcinoma (mMCC), 5, 6 in Japan for the treatment of MCC that cannot be completely cured with surgery, and in the United States for the treatment of locally advanced or metastatic urothelial carcinoma (UC) that has progressed during or after platinum-containing chemotherapy. 5 JAVELIN Solid Tumor (ClinicalTrials.gov identifier NCT01772004) is a large, phase 1 dose-escalation and dose-expansion trial of avelumab in patients with advanced tumors. Doses 20 mg/kg every 2 weeks (Q2W) were safely administered during the doseescalation phase. 4 Based on pharmacokinetic, target occupancy, and safety analyses, a dose of 10 mg/kg Q2W was selected for further study. 4 Objective responses and disease stabilization with avelumab have been reported in several tumor types, including non-small cell lung cancer (NSCLC), UC, gastric and ovarian cancer, and mesothelioma, [7] [8] [9] [10] [11] and pooled safety data have been presented previously in 1300 patients. 12 JAVELIN Merkel 200 (ClinicalTrials.gov identifier NCT02155647) is a phase 2 trial of avelumab in patients who experienced disease progression after prior chemotherapy for mMCC; durable responses were observed. 13, 14 Herein, we report analyses of pooled safety data from the JAVELIN Solid Tumor and Merkel 200 trials to further characterize the safety profile of avelumab.
MATERIALS AND METHODS

Study Design and Patients
JAVELIN Solid Tumor is a global, multicenter, multicohort, open-label, dose-escalation, and dose-expansion phase 1 trial of avelumab in patients with advanced solid tumors. JAVELIN Merkel 200 is a multicenter, international, prospective, open-label, single-arm, phase 2 trial of avelumab in patients who experienced disease progression after 1 prior line of chemotherapy for mMCC. General and cohort-specific eligibility criteria are provided in Supporting Table 1 .
All patients were enrolled in accordance with approved protocols, international standards of good clinical practice, institutional review board approvals, and institutional safety monitoring. Written informed consent was provided.
Treatments and Assessments
Avelumab was administered at a dose of 10 mg/kg as a 1-hour intravenous infusion Q2W. Treatment continued until confirmed disease progression, unacceptable toxicity, or the occurrence of any protocol-specified reason for discontinuation. Treatment was discontinued permanently in the event of any grade 3 AE (except for transient [6 hours ] influenza-like symptoms or pyrexia controlled with medical management; fatigue, local infusion-related reaction [IRR] , headache, nausea, or emesis that resolved to grade 1 within 24 hours; single laboratory values outside the normal range that were unrelated to study treatment and without clinical correlate [except for increased liver enzyme concentrations] that resolved to grade 1 within 7 days; and tumor flare, defined as local pain, irritation, or rash localized at sites of known or suspected malignant tissue) or recurring grade 2 TRAEs. Grade 2 AEs were managed by changes in the infusion rate and dose delays, and those that did not resolve to grade 1 by the end of the next cycle led to permanent discontinuation of avelumab. A delay of treatment for 0 to 2 days was not considered a dose delay.
AEs were graded using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE; version 4.0). In comprehensive prospective and post hoc analyses, AEs of special interest, which were defined as irAEs and IRRs and related symptoms, were identified and characterized further. irAEs were identified using a prespecified list of Medical Dictionary for Regulatory Activities (MedDRA) terms and followed by comprehensive medical review. IRRs occurring on the day of or the day after infusion included events reported as IRRs, drug hypersensitivity, or hypersensitivity reactions; IRRs occurring 2 days after infusion and symptoms occurring 1 day after infusion that had resolved 2 days after onset were included in this expanded definition. To prevent a potential occurrence of IRRs, patients received premedication with diphenhydramine and acetaminophen. Treatment algorithms to manage irAEs were provided in the study protocol, and the treatment approach mainly was dependent on severity. For suspected irAEs, adequate evaluation was performed to confirm etiology or exclude other causes. For grade 2 irAEs, avelumab could be withheld and corticosteroids administered. If corticosteroids were used to treat an irAE, a taper of 1 month was initiated at the time of improvement to grade 1. In patients whose irAE could not be controlled with corticosteroid use, the administration of other systemic immunosuppressants was considered. Avelumab was permanently discontinued for serious grade 3/4 or recurrent grade 2 irAEs. 5 Additional details for the management of irAEs are provided in Supporting Table 2 .
Statistical Analysis
Safety was analyzed in all patients who received 1 dose of avelumab. The treatment period was defined from the first dose day (day 1) of trial treatment, 30 days after the last dose of trial treatment, or the earliest date of subsequent anticancer therapy minus 1 day, whichever occurred first. In addition, TRAEs were documented through the posttreatment safety follow-up period and included all treatment-emergent AEs that occurred <10 weeks after the last dose. Analyses of time to first event of an irAE and time to first occurrence of an irAE of grade 3 were provided as simple descriptive analyses (number, median, minimum, maximum, Q1 (25%), and Q3 (75%)). A competing risk analysis was provided to estimate the hazard of irAEs and IRRs over time. To explore potential late-onset toxicities, the analyses of time to first onset and the competing risk analysis of irAEs included all irAEs observed during the treatment-emergent period and safety follow-up period with an onset 90 days after last treatment. Death was considered a competing event to the occurrence of an irAE. Results are provided as cumulative incidence rates of time to first event illustrating the causespecific hazards for time to first event according to Kalbfleisch and Prentice. 15 Summary statistics for time to resolution of AEs were computed using Kaplan-Meier methods. Time to resolution included all episodes for a patient, and a "1" symbol denoted a censored maximum value. The onset of the first IRR also was analyzed independent of the number of infusions received (ie, the frequencies of IRRs at infusion 1, infusion 2, etc) in relation to the number of patients at risk (patients who received the corresponding infusion without an IRR at an earlier infusion).
RESULTS
Patients
As of the data cutoff date of June 9, 2016, a total of 1738 patients had received avelumab monotherapy (Supporting Table 3 ): 1650 patients in the phase 1 JAVELIN Solid Tumor trial and 88 patients in the phase 2 JAVELIN Merkel 200 trial. The dose-expansion phase of the JAVE-LIN Solid Tumor trial was still enrolling patients at the data cutoff and included 16 cohorts (Supporting Table  1 ); the majority of patients (1601 patients; 97.0%) had >3 months of follow-up. Enrollment of patients into JAVELIN Merkel 200 was complete at the time of data cutoff, and all patients had 9 months of follow-up.
At the time of analysis, treatment was ongoing in 287 patients (16.5%). Patients had received a median of 6 infusions of avelumab (range, 1-63 infusions) and the median duration of treatment was 12.0 weeks (range, 2.0-137.9 weeks). Dose delays of 3 to 6 days occurred in 88 patients (5.1%). At the time of analysis, a total of 1451 patients had discontinued treatment predominantly due to disease progression (1016 patients; 58.5%). All 1738 patients were included in the safety analysis.
Overall Safety and Incidence of AEs
The overall safety profile is summarized in Supporting Table 4 . Any-grade all-causality AEs occurred in 1697 patients (97.6%) and were grade 3 in 1008 patients (58.0%). TRAEs occurred in 1164 patients (67.0%) and were grade 3 in 177 patients (10.2%). The most common TRAEs of any grade were fatigue and IRR, which were observed in 307 patients (17.7%) and 295 patients (17.0%), respectively ( Table 1) . The incidences of all AEs and TRAEs are shown in Supporting Tables 5 and 6 , respectively. TRAEs led to permanent treatment discontinuation in 107 patients (6.2%); the most common were IRR (32 patients; 1.8%), gamma-glutamyl transferase increase (7 patients; 0.4%), alanine aminotransferase increase (4 patients; 0.2%), blood creatine phosphokinase increase (4 patients; 0.2%), and fatigue (4 patients; 0.2%). Serious TRAEs occurred in 108 patients (6.2%), most commonly IRR (15 patients; 0.9%), pneumonitis (11 patients; 0.6%), pyrexia (6 patients; 0.3%), and adrenal insufficiency (5 patients; 0.3%). The incidences of all serious AEs and TRAEs are shown in Supporting Tables 7  and 8 , respectively. 
Incidence of Death
A total of 911 patients (52.4%) died, and disease progression was the most common reason for death (744 patients; 42.8%). A total of 59 patients (3.4%) died because of an AE not related to treatment. The primary cause of death was unknown/missing in 104 patients (6.0%). The investigator considered TRAEs to be the primary cause of death in 4 patients (0.2%). One patient with gastric cancer experienced autoimmune hepatitis with peritoneal metastases and ascites. Of 2 patients with metastatic breast cancer, 1 experienced liver metastases and acute liver failure and the other, who had liver, lung, and soft tissue metastases and a prior/ongoing history of respiratory disorder (cough, dyspnea, and pneumonia), experienced respiratory distress. One patient with UC experienced treatment-related pneumonitis, with ongoing Clostridium difficile colitis and diverticulitis not related to study treatment. In addition, 1 patient with NSCLC died after the treatment period due to acute respiratory failure.
irAEs and Management
Any-grade irAEs occurred in 247 patients (14.2%); these were grade 3 in 39 patients (2.2%) and considered serious in 43 patients (2.5%) ( Table 2 ). The most common irAEs were thyroid disorder (98 patients; 5.6%) and rash (90 patients; 5.2%). Other irAEs (eg, colitis, hepatitis, pneumonitis, adrenal insufficiency, and myositis) occurred in <2% of patients. After an irAE, 39 of 247 patients (15.8%) had 1 dose interruption and 9 patients (3.6%) had 2 dose interruptions. A total of 109 patients (44.1%) were treated with a systemic corticosteroid for irAEs: 71 (28.7%) with 40 mg of prednisone or equivalent and 35 (14.2%) with <40 mg of prednisone or equivalent (the dose level was missing in 3 patients [1.2%]). Five patients (2.0%) were treated with a nonsteroidal immunosuppressant medication: 1 patient experienced events of increased blood creatine phosphokinase and autoimmune disorder and received cyclosporine in addition to corticosteroids; 1 patient experienced events of diarrhea and autoimmune disorder and subsequently received everolimus as further anticancer therapy after the completion of corticosteroid treatment; 1 patient with rheumatoid arthritis received methotrexate and leflunomide in addition to corticosteroids; 1 patient experienced myositis and was treated with methotrexate in addition to corticosteroids; and 1 patient experienced events of psoriasis and maculopapular rash IRRs were most common during the first infusion, and the incidence was similar in patients with (20.1%) and without (19.5%) premedication. However, premedication appeared to decrease IRR severity because the incidence of grade 3 IRRs was observed to be slightly higher in patients without premedication at the time of first infusion (0.3% vs 1.6%) (Fig. 2) . 
DISCUSSION
Avelumab generally was well tolerated and had a manageable safety profile in a large population of patients with advanced solid tumors. The incidence of grade 3 TRAEs or irAEs of any grade was low. irAEs and IRRs (most commonly occurring during the first 2 infusions; reported to occur at the time of first infusion in 79.5% of 439 patients who had an IRR) generally were low grade, manageable, and reversible; treatment discontinuation rarely was required. The most common TRAEs included fatigue, nausea, diarrhea, and increased serum biomarkers and generally were consistent with TRAEs reported in other trials of anti-PD-L1/PD-1 antibodies that enrolled patients with advanced tumors. 2 In a phase 1 dose-escalation trial of nivolumab (anti-PD-1) monotherapy in 296 patients with advanced solid tumors, approximately 70% of patients experienced TRAEs of any grade; of these, the most common included fatigue (24%), rash (12%), diarrhea (11%), pruritus (10%), decreased appetite (8%), and nausea (8%), and 14% of patients experienced a TRAE that was grade 3 to 4. irAEs occurred in 122 patients (41%), were grade 3 to 4 in 18 patients (6%), and included pneumonitis, colitis, hepatitis, and thyroiditis. Three treatment-related deaths occurred due to pneumonitis (2 in patients with NSCLC and 1 in a patient with colorectal cancer). 16 In a multidose/multischedule phase 1 study of pembrolizumab (anti-PD-1) in 30 patients with advanced solid tumors, approximately 70% of patients experienced TRAEs of any grade; the most common included fatigue (33%), nausea (23%), pruritus (17%), decreased appetite (13%), and diarrhea and hypothyroidism (7% each). No grade 3 to 4 TRAEs were observed. irAEs occurred in 17% of patients and included grade 1 fatigue, erythema, and hypothyroidism and grade 2 gastritis and pneumonitis. 17 Although conclusions drawn from cross-study comparisons should be made with caution, and to the best of our knowledge the number of pan-tumor clinical studies of ICI monotherapy is limited, this analysis of a large population of patients across a broad scope of tumor types suggests that avelumab was associated with an incidence of irAEs that is consistent with that of other ICIs. 16, 17 Differences may be attributed to the specificity of avelumab for PD-L1, which leaves PD-L2/PD-1 interactions intact and allows for maintenance of immune homeostasis 18, 19 ; however, additional evidence is required to fully understand the contribution of PD-L2. Furthermore, differences in study design, eligibility criteria, and methodology for defining irAEs may account for variations in incidences across trials of ICI monotherapy. Patient and disease characteristics also affect the spectrum and frequency of AEs. The safety profile of ICIs varies by tumor type and disease histology, with pneumonitis occurring more often in patients with lung cancer and vitiligo and colitis more commonly noted in patients with melanoma. 2, 20 The phase 1 multicohort monotherapy data for this class of antibodies support the growing body of evidence attributing a manageable safety outcome for patients treated with anti-PD-L1/PD-1 antibodies. a IRRs occurring on the day of or the day after infusion included events reported as IRRs, drug hypersensitivity, or hypersensitivity. In addition, signs and symptoms of an IRR that occurred on the day of infusion and resolved within 2 days were included. No events were grade 5.
The expanded definition of IRRs used in the current analysis, which aggregates IRR, drug hypersensitivity, hypersensitivity reactions, and signs and symptoms of an IRR occurring on the day of infusion and the day after as well as possible signs and symptoms of IRRs on the day of infusion, appears to differ from the definitions used in other studies and may have contributed to the higher rate of any-grade IRRs observed with avelumab (25.3%). For example, in the phase 1 dose-escalation trial of nivolumab monotherapy described previously, IRRs were defined as IRR or hypersensitivity; events of any grade occurred in 3% of patients (grade 3-4 in <1%). 16 In a study of pembrolizumab in patients with advanced NSCLC, IRRs were monitored using a single preferred term; any-grade IRRs occurred in 3% of patients (grade 3-5 in <1%).
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Similarly, a study of durvalumab in patients with metastatic UC also reported IRRs using a single preferred term; any-grade IRRs occurred in 3.3% of patients (grade 3 in 1 patient [1.6%]). 22 Despite using an expanded definition of IRRs in the current analysis, the incidence of grade 3 IRRs was similar to that in studies that used limited or single-term definitions of IRR (ie, <1%). It is interesting to note that the majority of IRRs in the current study were mild to moderate in severity, occurred after the first or second infusion, and did not lead to discontinuation. The incidence was similar in patients with or without premedication. However, premedication appeared to decrease IRR severity; the incidence of grade 3 IRRs was higher in patients without premedication at the time of first infusion (0.3% vs 1.6%). The rate of repeated events was low, with 14.4% and 3.9% of patients, respectively, experiencing IRRs with 2 or 3 infusions.
To the best of our knowledge, avelumab is the first fully human anti-PD-L1 antibody and contains a wildtype IgG1 Fc region, which engages Fc-c receptors on natural killer cells to induce tumor-directed, antibodydependent, cell-mediated cytotoxicity (ADCC). 23, 24 Anti-PD-1 IgG4 antibodies (nivolumab and pembrolizumab) have demonstrated poor affinity for natural killer cells, and anti-PD-L1 IgG1 antibodies (atezolizumab and durvalumab) were developed to minimize or disable ADCC. [25] [26] [27] Additional investigation is required to define the role of humanization of avelumab and the contribution of ADCC to the overall antitumor effects, as well as the safety profile, of avelumab.
Meta-analyses of the safety and tolerability of anti-PD-L1/PD-1 agents corroborate findings of improved safety profiles of ICIs compared with chemotherapy regimens used to treat patients with advanced cancers. [28] [29] [30] [31] In a meta-analysis of 3450 patients from 7 randomized controlled trials, treatment with ICIs was associated with a lower incidence of any-grade AEs compared with chemotherapy (67.6% vs 82.9%) and grade 3 to 4 AEs (11.4% vs 35.7%), and treatment discontinuation occurred less frequently with anti-PD-L1/PD-1 agents compared with chemotherapy (4.5% vs 11.1%). 28 The incidence of TRAEs associated with ICIs ranged from 9% to 31%, with a pooled rate of 16% (95% confidence interval, 12%-21%). 30 Treatment with ICIs was associated with a higher incidence of any-grade and grade 3 to 4 irAEs (ie, rash, aspartate aminotransferase increase, hypothyroidism, colitis, and pneumonitis) compared with non-ICI regimens. 31 The incidence of IRRs and hypersensitivity reactions occurring with avelumab and other ICIs was similar to or less than the incidence reported with other systemic and targeted treatments, including commonly used taxane-based chemotherapy. 32 Overall, treatment with anti-PD-L1/PD-1 antibodies was better tolerated than chemotherapy; was associated with a lower incidence of TRAEs; and, although associated with an increased incidence of irAEs, offered a favorable riskbenefit profile.
Conclusions
This pooled analysis of 1738 patients with advanced solid tumors confirms that avelumab was well tolerated and had a manageable safety profile similar to that of other anti-PD-L1/PD-1 antibodies. The incidences and rates of discontinuation due to grade 3 TRAEs or any-grade irAEs were low. IRRs for the most part occurred at the time of first infusion and were manageable, and the percentage of patients with repeated events was low.
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